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A short, and definitely not a complete representation of r) production processes on 
hadrons is given. First of all, the diff'erent ways of obtaining the ttN — » riN and 
. ttN — » rjN amplitudes are presented. After that, an overview of results obtained 

^J ■ using these amplitudes as input for calculating processes like: NN — > r]NN , 

pd — > rpHe, nd — > rjNN and r]d, rj^He and rj'^He as well as jj-light nuclei bond 
states, will be given. The experimental and theoretical results will be reviewed. 
The opened problems and the way how to solve them will be presented. 
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fvq I 1 Introduction 

Qv . The problem of determining whether there exists a resonance in the N* system 

f^ I is a very nontrivial one. In addition to the problem of the definition what an 

^^ . N* resonance isn there is a problem of coupling different resonances to the dif- 

^P I ferent channels. For example, Sii(1650) MeV resonance does not at all couple 

to the photoproduction channel, so it is practically invisible in all processes 
involving rj photoproduction. The second example is the fourth Pn resonance, 
which is not visible in any process which does not involve r] production in 
^ I hadronic reactions. Therefore, looking at photoproduction processes only it is 

513 . not sufficient to see all possible N* resonances. Consequently, the only method 

which can be applied selfconsistently to obtain all resonances in all channels is 
. a multichannel, multiresonance, unitary coupled channel model developed by 

1^^ ' a, and maximizing and updating the input to the model. In order to value the 

^ . strength of the used method, the amount of the worldwide work involved in 

the analysis, the mutual agreement of the results and the competence of the 
authors, we have decided to rank the publications by a number of stars, very 
similar to the method used by Particle Data Group (PDG). One star indicates 
the pioneering attempts, while four star denotes the general world interest 
and a significant level of agreement reached. The estimate is just a personal 
judgement of the authors of the article and anyone is welcomed to modify it. 

2 ttN -^ rjN and r^N -^ rjN models 

"^See the general discussion on the B(arion)R(esonance)A(nalysis)G(roup)-BRAG workshop 
preceding this workshop 
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Figure 1: The 3-D T-matrix in Cutkosky formalism. 



2.1 Coupled channel models **** 

Multiresonance, coupled channel and unitary models offer the best possibility 
to treat all the channels simultaneously, without the problem of not seeing the 
resonances which couple poorly to one of the channels. The framework has 
been elaborated bya, and has been used by most of the modern approaches. It 
is essential to remind the reader to use the original article by CutkoskyEJ where 
the full formalism is explained. The resultsjsf the original model insignificantly 
differ from the predictions of KH80 groupa, and represent the state of the art 
of knowledge of 80es in tt-N physics. Later on, in 90es the chain of articles 
started to use the rSawe formalism and exploit the new data to make more 
precise conclusions B'Q'EI. 

The idea of all three approaches was basically the same: to use the well 
known and tested formalismEl, and to introduce the new knowledge about rj 
production processes in order to obtain more reliable information about N* 
resonances. The essence of the formalism was to obtain the "three dimen- 
sional" T-matrix shown in Fig.l for three channels and has been used incl. In 
that case the chosen channels (tt — TV, ij — N and the third effective two body 
channel ■n'^ — N are given on the x-axes, while partial waves are given on the 
y-axes). The whole formalism allows the separation of the T-matrix in partial 
wave amplitudes which are indicated by vertical planes in the 3-D T-matrix. 
However, the main problem in this formalism was a numerical minimization 
procedure which tended to explode in number of fitting parameters for bigger 
number of channels if experimental observables were fitted, because all partial 
waves are automatically mixed. Each of three references have tried to over- 
come that problem in a different way. In refs. Ela authors have used three 
coupled channels only, but have chosen to fit the it — N elastic T-matrices, and 



experimental obarjrvables. In rem the tt-N elastic partial wave T- matrices from 
different sourcesElB have been used for the first channel, the second channel-r^iV 
channel have only been represented by the Sii(1535) resonance, and the whole 
known data set for continuum pion production ivN -^ ttttN have been used to 
represent the third channel. The number of parameters was acceptable, and 
the minimization has revealed results very similar to PDG group, but more 
constrained in other but TriV elastic channel. The second EWAq has as well 
used the tt — N elastic T- matrices from the same sources as El, but have chosen 
to use the whole set of measured total and differential cross sections for the 
ttN — > rjN process. 

In both cases the number of parameters to be fitted was quite big (of 
the order of 100), but the minimization procedure was still under full con- 
trol. However, the drawback of both of these approaches was that it was not 
forseable to increase the number of coupled channels because the number of 
fitting parameters wjould explode beyond control if one uses MINUIT program. 
The third approach B has avoided the problems in that program by not fitting 
the experimental data but T-matrices obtained from different sources. In that 
way they have been able to fit partial wave by partial wave (or plane by plane 
in Fig.l), and that has significantly reduced the number of input parameters 
and allowed them to use much more then three channels. However, the choice 
of input T-matrices remains an opened question to be discussed and tested. 
The all three analysis show a fair level of agreement and self consistence, and 
we dare to say that T-matrices for tt — N and rj — N channel are quite con- 
fidently determined and can be used as the input for the calculation of more 
complicated processes. 

2.2 Quark model and coupled channel model **** 

In refo the importance of multichannel approach has been illustrated. Namely, 
the possibility of existence of the fourth Pn resonance has been reported in 
spite of the fact that it has not been seen in any previous single channel anal- 
ysis, or even in one three coupled channel analysis which included the channel 
into which that resonance does not couple 13. Eirst the existence of that reso- 
nance has been predicted in the quark modblLl, but at the same time it was 
seen in the three coupled channel analysis u. The agreement of the findings 
of both, theoretical and phenomenological analysis are striking, so it is quite 
likely that the number of Pn N* resonances should be increased to four. The 
result is a good example of theoretical prediction confirmed by the "experi- 
mental" partial wave analysis. 
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Table 1: Resonance parameters of the phenomenologicalu and the quarkQ 
models. The states are defined by the latest values given by the PDG group 
u and other parameters are defined in the text. Errors can be find in original 
publications. 



2.3 rjN S-wave scattering length **** 

Another example of importance of the 77 production in hadronic channels for 
understanding the structure of N* resonances is the need of the existence of the 
second Sii(1650) resonance (the resonance which is extremely poorly coupled 
to the photoproduction channels) for the complete understanding of the r^N S- 
wave scattering length. Namely, the problem of extremely poorly determined 
value of the real part of the TyN S-wave scattering length has been known for 
years, and the limits have been 0.2 fm < Real(a^jv) < 0.98 fm. That ambiguity 
was directly prohibiting the estimate of the likelihood of formation of the 77- 
light nuclei bound states, because the existence of these bound states was 
directly correlated to the value of the real part of the 77N scattering length as 
it can be seen in Fig. 2. 

The spread in possible values of the real part of the r/N S-wave scattering 
length is given in Fig. 2, andjiian be easily understood. The problem has been 
extensively addressed in ref. E3. As it has been explained, any single resonance 
model (containing only one resonance in the S-wave) with the addition of the 
quite reliably measured and remeasured slope of the Tr~p -^ rjn total cross 



section near threshold can only give the values of the real part of the 77N 
scattering length fixed below « 0.4 fm. For any value bigger then that, the 
existence of the second Sn resonance (1650 in addition to 1535) has to be 
assumed. The ambiguity has finally been resolved by getting the overlapping 
results from two calculations based on entirely different formalisms Q'EJ. It is 
indicative that both approaches have to include the existence of the second 
Sii resonance. As tha both publications used completely different formalisms 
(Cutkosky formalismQ and K- matrix formalismlld) , and results coincide within 
the error bars, we conclude that the real part of the 77N S-wave scattering length 
is quite well determined now. The existence of the second Sn resonance for the 
overall understanding of the results given in Fig. 2. is, henceforth, established. 
Let us just remind the reader that the second Sn resonance is not seen in 
photoproduction processes. On the basis of these results for the real part of 
the 7] N S-wave scattering length the predictions for the existence of the bound 
states in different 77 -light nuclei are given in Fig. 2. 
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Figure 2: rjN S-wave scattering length. The-isymbols for all extracted values of the tjN 
scatteiiing length are taken over from-feferencel^i. The only addition are the values extracted 
in ref. Q - crossed empty circles andlliJ - crossed full circles. Lines given onrfehe figure indicate 
for which values there is a probability for the rj-light nuclei bound statesF^I 



2.4 other nN -^ rjN and rjN -^ rjN models *** 

Numerous other models have been produced with the dAm.^LO.£xXx^£i, PW T- 
matrices for 77 meson production in hadronic reactions EJEJIla^t^llZl. All of 
them suffer from some of the drawbacks: they are either single resonance, or 
simplified in some way. However, they are valuable to be looked at in order 
to see other approaches and possible simplification valuable for some specific 
cases. 

3 NN -^ NNt] processes ** 

The knowledge of elementary PW ttN and 77N amplitudes have been tested 
in calculations involving more then two bodies in order to test the reliability 
and self consistence of obtained partial waves. One of the simplest examples 
is the rj production in nuclepiipiiiiclcon scattering. "^.^.'^ ir^iVJ^'^li \'^^ been in- 
vestigated experimentally Ea^Ej'EiEl and theoretically Ert3Ej'oEjc3. However, 
even the initial agreement in theoretical calculations which mechanism is dom- 
inating has not been reached. It is generally agreed that in addition to the 
Born term the final state interaction should be added, but the combination of 
exchanged mesons which are described in different models varies. Therefore, 
more theoretical and experimental effort should be done in order to bring the 
problem to the general agreement. 

4 nd ^ NNt] processes ** 

The testing of elementary PW ttN and rjN amplitudes is as well attempted 
for J] production processes in 7rd reaction. The eyneriments are scarce Ell, and 
theoretical calculations are just being developed c3nj'E2l. Among reproducing 
the various experimental quantities like total and differential cross sections, 
the idea of extracting the Tr'^-ry jnixing angle using ratios of Tr~d — > r^riiLand 
TT'^d —> ripp has been suggested C3. However, the experimental analysis til has 
not yet been finished, therefore the comparison with the theoretical predictions 
is in a way " hanging in the air" . 

5 Bound states of rj mesons ** 

The attempts of finding indications of bound states in 77- '^He system l^'l5E3 
have been done. Results are, according to my belief, still opened to reader's 
interpretation. 
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s for finding 7y-^He bound states what has been 
, as well for finding 77-light nuclei bound states 



As a final conclusion we tend to offer the statement: 

The existence of any N* resonance have to be confirmed in all chan- 
nels, therefore, coupled channel models offer the best possibility to 
establish them unambiguously. 
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